The analysis of the potential of the ion-selective polymer liquid membrane (ISM) shows that potential differences are generated at the interface between the ISM and the electrolyte solution. The difference in potential, which depends on the activity of Na, behaves according to a Nernst gradient.
Materials and Methods

Electrodes
having two different types of polymer liquid membrane were prepared as shown in Figure 1 (13, 14) . The Ag/AgCl electrode was prepared by depositing under very low pressure an 800-nm layer of Ag metal onto a polyethylene terephthalate (PET) film. The Ag was oxidized to AgC1 by HC1 and K2Cr2O7 (conversion ratio = 25.0%). In the ISE shown in Figure la , an NaCl layer is present between the ISM and the AgCl layer. The solubilizatlon ratio = 8olublllzedAg/totaI Ag The changes of the amount of Na on the ISM after contact for 1-60 miii were analyzed by atomic absorption spectrometry (Zeeman Analyzer type 701; Hitachi, Tokyo, Japan). Figure 2 shows the distributions of Na, Ag, and C1 in the cross-section of the ISM after contact with the aqueous NaCl solution.
Results
When the NaCl layer was present (Figure 2a ), the distribution of neither Na nor Ag showed any change over time. Thus, Na did not diffuse into the ISM. This means that the Na'-MMO complex (15) formed at the interface between the NaCl layer and the ISM layer did Figure 5 . The gradients of the two plots were approximately nernstian. However, the difference in potential between the two ISEs was about 560 mV at the same concentration, corresponding to the difference in potential expected from the solubility constant of AgCI (17) .
Discussion
These phenomena for the ISEs in Figure 1 liquid membrane (8-11) . However, Na was not transported across the ISM, neither from the NaCl layer nor from the aqueous NaC1 solution touching the ISM surface. These differences of behavior are elucidated by the mobilities of MMO and the depth of the MMO trap. The trap for Na appears to be very deep, because it gives a clear x-ray diffraction pattern (15). Because the MMO trap is so deep, Na cannot move to the adjacent MMO by thermal vibration energy alone; also, Na is attracted by the counter ion, Cl, which does not diffuse into the membrane. Consequently, Na in the MMO trap does not move into the polymer liquid membrane (Figure 2a) .
The diffusion behavior of Ag is in contrast to this. ior is observed by valinomycin, which acts as a mets-SM stable site for Ag as reported previously (14) .
The differences in potential in Figure 4a are generated as follows. Because the Na entrapped in the deep MMO trap is not pulled into the electrolyte layer and attracts the counter ion, Cl-, the separation of charges (a double layer of electrons) is formed at the interface between the ISM containing MMO and the electrolyte layer. Three double layers of electrons are formed at the interface between (a) the Ag/AgCl electrode and the NaC1 layer, (b) the NaCl layer and the ISM layer, and (c) the ISM layer and the solution being studied. As the water of the solution being examined permeates the electrolyte layer, the NaCl layer becomes saturated. The potential of the Ag/AgCl electrode remains stable and constant (560 mY) by contact with the saturated NaCl solution. The MMO traps (about 10_b mollcm2) at interface b are fully occupied by Na. Because the concentration of Na from the solution examined is about 100 mmol/L, the MMO traps at interface care also occupied by Na. Consequently, the potential difference generated at interface b is compensated by that of interface c. The potential of ISE as shown in Figure la is represented by the following expression (19) :
(1) where R = gas constant, T = absolute temperature, F = Faraday constant, K8 = solubility constant of AgCl, and [a] = activity of Na in the solution (16) .
Because the potential of the ISE as shown in Figure  la depends only on the concentration of Na of the examined solution, this ISE should be stable both during use and in storage.
In Figure 4b , Ag is transported by the diffusion process. Ag enters the ISM layer, where MMO can act only as a moderately deep trap for Ag. Therefore, the thermal vibration energy enables Ag to move to the adjacent MMO trap and thus move across the membrane. Ag trapped in MMO can attract the counter ion, Cl-, from the Ag/AgC1 electrode to maintain electrical neutrality. Because this movement can occur at all points in the ISM, Ag diffuses into the ISM along with Ct, but the interface between the electrode and the ISM is electrically neutral. The separation of charges (the electron double layer) is generated only at the interface between the surface of the ISM and the examined solution. In storage, the potential of this ISE is changed by the permeated water, which solubilizes the AgCl. Thus, the measured potential difference should not be correct.
The potential difference of the ISE shown in Figure lb is generated at the interface between the surface of the ISM and the examined solution, because there is no separation of the charges in the ISM or at the interface between AgCl and ISM. Because the amount of MMO at the surface of the ISM is about 10_b mollcm2, MMO is fully occupied by the Na from the solution examined (about 100 mmol/L). As Na is entrapped in the MMO To summarize these mechanisms: MMO does not act as an ion carrier, but rather acts as a deep trap for Na in the ISM. Na cannot diffuse into the ISM because of the stability of the MMO trap and the electrostatic force of Cl-. However, Ag can diffuse across the ISM by moving among the MMO traps along with Cl-. The differences of the ion behavior between Na and Ag depend fundamentally on the stability of the MMO traps. The differences in potential are generated by the double layer of electrons at the interface between the ISM and electrolyte layers.
These results should be useful for fabricating a stable and inexpensive disposable ISE for Na and also for understanding the mechanisms of the generation of potential on a molecular scale.
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